An intracellular 13-glucosidase was purified from cell extracts of BaciUlus circulans subsp. alkalophilus by NAD affinity and high-performance anion-exchange chromatographies. (24) .
bacterial 13-glucosidases.
,-Glucosidase, Bgl (3-1,4-D-glucoside glucohydrolase; EC 3.2.1.21), catalyzes the hydrolysis of ,-glucosidic bonds between aryl or alkyl and saccharide groups. On the basis of substrate specificity, Bgls belong to aryl-,-glucosidases, and phospho-3-glycosidases from bacteria to mammals, whereas family BGB includes Bgls from yeasts, fungi, and rumen bacteria (13) .
Enzymes from alkaliphilic microbes have specific charac- cellobiases, and the group hydrolyzing both aryl-p-glucosides and oligosaccharides. The last group is often found in cellulolytic microbes (26) . However, on the basis of sequence homology Bgls have been divided into two subtypes: BGA and BGB (3) . The BGA family includes ,3-glycosidases Tris-HCl (8.0) 3 2 Glycine-NaOH (8.6) 100 100
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Glycine-NaOH (10.2) 31 3 a The assay conditions were the same as those described in the of 1%. The nucleic acid precipitation was removed by centrifugation and filtration. The supernatant (in 2,160 ml) was run through a DEAESepharose CL-6B (Pharmacia) column (100 ml) equilibrated with buffer A containing 10% glycerol. The proteins were eluted out with a linear gradient (500 ml) of 0 to 1.0 M NaCl in buffer A with 10% glycerol. Fractions with Bgl activity were pooled, concentrated (PM-10 filter; Amicon), and dialyzed against 0.02 M Tris-HCl buffer, pH 8.0 (buffer B). One-tenth of the preparation was applied at a time on an NAD-agarose (Sigma no. N-9505) column (5 ml) equilibrated with buffer B. The column was rinsed with buffer B, and Bgl was eluted with 0.5 M NaCl in the same buffer. Bgl active fractions were pooled, dialyzed against buffer B, and concentrated. The Bgl preparation was further purified by DEAE high-performance liquid chromatography (HPLC) (Waters Protein Pak analytical column DEAE 5PW no. 088044). The column was equilibrated with buffer B and eluted (1 ml/min) with a linear gradient of 0 to 0.5 M NaCl in buffer B.
The usefulness of NAD-agarose in the purification of Bgl was found by chance during the investigations of purification of certain NAD-dependent enzymes in alkaliphilic bacilli. When the protein from NAD-agarose was analyzed by DEAE HPLC, a sharp protein peak with Bgl activity was eluted out at a rather high ionic strength (0.4 M NaCl; the lower chromatogram in Fig. 1 ). Figure 1 shows that the large protein peaks between 20 and 30 ml can be excluded by the NAD column (notice the different absorbance scales). After HPLC, practically homogeneous Bgl on sodium dodecyl sulfate-polyacrylamide gel electrophoresis with a molecular mass of about 50 kDa was obtained. The recovery of Bgl in the affinity stage was 60 to 70%, and that in the HPLC was 90%. The N-terminal sequence SIHMFPSDFKWGVAT AAYQIEGAYNEDG (see Fig. 3 was always minor compared with the cellobiase activity. According to the criterion of substrate specificity, Bgl belongs to the group hydrolyzing both aryl-,B-glucosides and oligosaccharides.
The specific activity of Bgl from alkaliphilic bacilli was 92 U/mg for p-nitrophenyl 3-D-glucoside and 94 U/mg for cellobiose in K-phosphate, pH 7 (both measured at 37°C). The substrate concentrations and reaction times were 3 mM and 5 min for p-nitrophenyl P-D-galactoside and 30 mM and 30 min for cellobiose. The Bgl from alkalifilic bacilli hydrolyzed both p-nitrophenyl P-D-galactoside and cellobiose at about equal rates (Table 1) , while Bgl of an Agrobactenum sp. (16) and Bgl-1 of Bacillus polymyxa (10) had higher activities with cellobiose and Bgl of thermophilic Wai21W.2 (26) and Bgl-2 of B. polymyxa (10) had higher activities with p-nitrophenyl ,-D-galactoside. Bgls of B. polymyxa can also hydrolyze sucrose and maltose (10) . In general, however, the substrate specificity of the alkaliphilic Bgl resembled that of nonalkaliphilic Bgls.
The Bgl and cellobiase activities were measured over the pH range of 4.0 to 10.2. The pH optimum was broad, from 6 to 9. The upper limit was 1 to 1.5 pH units higher than with other bacterial and fungal Bgls (26) . The buffers affected strongly the observed activity (Table 2) . Related results were reported earlier (2, 26) .
The optimal apparent activity of Bgl occurred at 55°C for p-nitrophenyl P-glucoside (3 (Fig. 2) . Nucleotide sequence. Plasmids pSP1 and pSP2 were used as templates for DNA sequencing. The nucleotide sequences of both complementary strands were determined by the dideoxy chain termination method (29) using specific oligonucleotide primers. The probe used in Southern blot analysis served also as a first sequencing primer.
The nucleotide sequence of the bglA gene with its flanking region and the deduced amino acid sequence are shown in Fig. 3 . An open reading frame of 1,350 bases starting at ATG (position 222) and terminating at TAA (position 1573) was found to code for a protein of 450 amino acid residues with a calculated molecular mass of 51,303 Da.
A possible ribosome-binding site, GAAAGGAG, was 12 bp upstream of the putative ATG methionine start codon. This sequence can be bound to the 3' end of the 16S rRNA from Bacillus subtilis with free energy of -67.8 kJ/mol as calculated by the method of Tinoco et al. (31) , which is in the agreement with the data for other reported ribosome-binding sites from several strains of Bacillus (15) . The stop codon of the bgLA gene was followed by an inverted repeat sequence and a region encoding a stretch of 5 U residues which could be the transcriptional termination signal for the gene. The hairpin structure contained altogether 6 G and C residues from 8 residues (Fig. 3) . Hence, the inverted repeat sequence (1) may act as a rho-independent terminator of transcription of the bglA gene in alkaliphilic bacilli.
The G+C content of the bglA gene was 53.9%, which is about 7% higher than the values for the B. polymyxa bglAl (46.7%) and bglA2 (47.1%) genes (11) . The G+C content of bgL4 of the alkaliphile matched almost exactly with the G+C content of the gene for extracellular cyclomaltodextrin glycosyltransferase (53.7%) from the same bacterium (19) , which is about 5% higher than the overall genomic G+C content (48.8%) of this alkaliphile (18) . The codon usage in the bglA gene showed a strong bias (66.4%) towards codons containing G and C in the wobble position. Amino acid sequence. The N-terminal amino acid sequence of the cloned enzyme was determined for verifying the translational initiation site of bglA. The sequence of the enzyme produced by plasmid pBG1 (Fig. 2) showed the removal of the N-terminal methionine by methionyl-aminopeptidase. This has often been found with the proteins isolated from E. coli when an amino acid of a small side chain, for example, serine, is in the second position after methionine (17) .
The DNA sequence studied is the first one for the family of Bgls of the alkaliphilic bacteria. The deduced amino acid sequence of the mature protein was fairly similar to those of the Bgls of BGA type, the P-galactosidases, and, in addition, the regions II, III, and IV of human lactase-phlorizin hydrolase ( Table 3 ). The similarity extended throughout the sequences. The identity of Bgl of the alkaliphile with certain fungal and bacterial BGB-type enzymes was from 17 to 21% (6, 12, 20) . Thus, the two types of Bgls catalyzing closely similar chemical reactions seem to have different evolutions.
Nucleotide sequence accession number. The GenBank accession number for the sequence reported in this paper is M96979.
